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Abstract 
The objective of this study was to specify the impact of structural and operational parameters of the centrifugal disc spreader on 
the spatial distribution of fertilizer varied in terms of physical properties (urea, ammonium sulfate, nitrochalk). The spatial 
distribution was characterized by parameters of the stationary spread pattern in the polar coordinate system: average angle and 
average radius of the stationary spread pattern of fertilizer. In the study, the selected parameters which significantly affecting 
spread quality were: rotation speed of the disc, feed position of fertilizer on the disc and the vanes angle on the disc.  In order to 
determinate the impact on spatial distribution, the results were statistically analyzed based on the analysis of variance. The study 
showed that the factors impacting greatly the average angle of the stationary spread pattern are: the feed position of fertilizer on 
the disc, the vanes angle on the disc and the fertilizer type. Finally the fertilizer type and the rotation speed of the disc influence 
greatly the average radius of the stationary spread. 
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1. Introduction 
The fertilization quality using centrifugal disc spreaders is assessed primarily by an image of the transverse 
distribution of fertilizer on the surface of the field, which affect three groups of factors (structural and operational 
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parameters, physical properties of fertilizers, external conditions). In operational conditions the settings of transverse 
distribution of spread fertilizer are based on the spreading tables or mobile measuring test stations (Kweon and Grift, 
2006; Lawrence et al., 2006; Olieslagers et al., 1996; Tissot et al., 2002). 
An important parameter determining the efficiency of spreading fertilizer is the throwing width according to the 
European Standard EN 13739 which is defined as the distance between the left and right border of a single crossing 
through entire field. While the term working width is defined as maximum spreading area between outward and return 
passes and it achieves total coverage, at which coefficient variation of transverse distribution does not exceed the limit 
value 15% (PN-EN 13739-2: 2004). 
In order to assess the main operating parameters of centrifugal disc spreader the spatial distribution of spreading 
fertilizer should be determined, which shows the amount of mass fertilizer referred to the surface of spreading pass 
unit. Dintwa et al. (2004) distinguished several types of fertilizer distributions to estimate the quality of spread process. 
For example, the first one is tangential distribution pattern that shows the location of the fertilizer around the disc and 
specified distance (radius) measured from its center. The other is static (stationary) distribution pattern represented by 
two-dimensional distribution of fertilizer on a field in the absence movement of centrifugal disc spreader. The 
parameters of this distribution are defined by the average angle and average radius of the stationary spread pattern. 
It is known, that standard centrifugal disc spreaders are designed to achieve a uniform distribution across an entire 
field after overlapping [Jones et al., 2008]. Even in agriculture is possible to observe problems with deficit or 
overdosing fertilizers, which are reflected through the image of multi-colored stripes on the surface of the field crop. 
Further research in this subject, the relationships between the type of fertilizer and spreader design parameters can 
minimize this adverse phenomenon. However, it is necessary to improve the fertilizer application quality especially to 
avoid growing concerns about environmental impact of fertilizers applied to the soil. 
 
Nomenclature 
ߚҧ average angle of the stationary spread pattern of fertilizer 
തܴ average radius of the stationary spread pattern of fertilizer 
௜݂௝ mass fraction of particles in the collector tray, g  
ߚ௜௝  angle of the ij-th collector of particles in the collector tray, °  
n number of rows of trays 
m number of columns of trays 
ݎ௜௝  radius of the ij-th collector of particles in the collector tray, m. 
 
2. Materials and methods 
The study about the impact of structural and operational parameters of the centrifugal disc spreader on the spatial 
distribution of fertilizer had been carried out in an indoors measuring position was shown schematically in Figure 1. 
It consisted of trays with dimensions 0.5 m × 0.5 m × 0.15 m, made in accordance with PN-EN 13739-2 2004, which 
arranged in sixteen columns and eleven rows (0.5 m distance between rows and columns).  On the right-hand edge of 
the ninth column trays and at a distance 0.7 m from the first edge of the first row was located in the center of the 
centrifugal disc spreader [with coordinates (0,0) in the 0XY system]. 
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Fig. 1. The scheme of measuring position in coordinate 0XY system: A – centrifugal disc spreader, B – collecting 
trays. 
 
In the tests three mineral fertilizers were used (urea, ammonium sulfate and nitrochalk), whose choice was made 
due to the different physical properties. The measuring station was located in a close hall so wind speed and direction 
were not registered. Relative humidity of the air contained in the range from 52 to 57.7% and a temperature from 13qC 
to 17qC. Selection of rotation speed of the disc (400 and 600 rpm) was based on the analysis of literature and 
dimensional possibilities of the hall where studies were conducted. The feed positions were chosen from the solutions 
used in series-produced centrifugal disc spreaders. As a feed position was assumed the angle between semi-axis OY 
from second quarter of the Cartesian coordinate system and half line determined by origin of coordinate system and 
passing through the vertical projection on the disc at a given centre of feed orifice (A and B), figure 2. 
 
 
Fig. 2. The location of the orifice centers dosing fertilizer (A and B) on surface of the disc and the vanes angle in 
configuration L3. 
 
In order to achieve the assumed research program was assumed two positions of the vanes on the disc (configuration 
L3 according to the scale on the disc), which allowed to obtain of the stationary spread pattern fertilizers differing in 
shape and dimensions. The study used the vanes which are equipped with centrifugal disc spreader N0X produced by 
Sipma. As a position meter of the vanes was assumed the concave angle included between the edge of positioning 
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shorter vanes and a straight defined by the points of rotation both vanes during their changing position on the disc, 
Figure 2. The setting of vanes in the utmost position according with the direction according to their rotation on the 
disc. For this configuration both angles of vanes are equal and are 38°. When the vanes are in the second utmost 
position (configuration L0) the angles are varied and are: 65° for short vane and 84° for long vane. 
On the basis of the research results the parameters of spatial distribution were determined in the polar coordinate 
system with centre located at the point of rotation disc, Figure 3. 
 
 
 
Fig. 3. Determining the parameters of spatial distribution for the stationary spread pattern in the polar coordinate 
system. 
 
The parameters of this field are the average angle (ߚҧ) and average radius ( തܴ) of the stationary spread pattern of 
fertilizer, which is calculated by the following equation (Koko and Virin, 2009; Kweon et al., 2009): 
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In order to present the total impact of factors on the stationary spread pattern parameters of mineral fertilizers 
assumed the four-way orthogonal cross-classification model with three observations in each subclass. The results of 
analysis of variance was developed in the SAS 'Local', XP_PRO (significant level α = 0.05). Accuracy of model fitting 
is described by determination coefficient R2. Significance of differences between variations levels of studied objects 
were done using T-Tukey procedure. 
3. Results 
The results of the physical properties of fertilizers used in the studies are shown in Table 1 and the particle mass 
distribution in Figure 4. 
 
Table 1. The physical properties of mineral fertilizers  
Characteristic 
Kind of fertilizer 
Urea Nitrochalk 
Ammonium  
sulfate 
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Bulk density (loose), kg∙dm-3 0.758 1.029 1.018 
Bulk density (shaked), kg∙dm-3 0.789 1.062 1.104 
Mass density, kg∙dm-3 1.340 1.800 1.780 
Mass powdery fraction (< 1 mm), % 10.35 0.03 52.50 
 
 
 
Fig 4. Particle mass distribution for urea, nitrochalk and ammonium sulfate. 
 
Figures 5 and 6 are shown the results for average angle and average radius of the stationary spread pattern for three 
different mineral fertilizers according to the three independent variables: rotation speed (400 rpm; 600 rpm), feed 
position (A; B), vanes angle (L0; L3). 
 
 
 
Fig.5.  The average angle of the stationary spread pattern for urea, nitrochalk and ammonium sulfate. 
 
The calculated values for the average angle and average radius of the stationary spread pattern for the three 
investigated fertilizers of substantially different physical properties are shown in Figure 5 and 6. The information 
contained in Tables 2 and 3 are for statistical analysis of results, which included an analysis of variance. The data 
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given in Figure 4 indicate that the fertilizers differ significantly in terms of their susceptibility to spreading by 
centrifugal disc spreaders. This is particularly evident when comparing parameters of the stationary spread pattern for 
ammonium sulfate and nitrochalk. The average angle of the stationary spread pattern from the first listed fertilizers is 
141.10° (feed position B, 600 rpm, vanes angle L3). The stated value is double more than compared with the smallest 
angle of nitrochalk, which was characterized spread by parameters: feed position A, 600 rpm, vanes angle L0. The 
minimum average angle of the stationary spread pattern for nitrochalk (feed position A, 600 rpm, vanes angle L0) was 
only 69.27° and was slightly smaller than angle spread at 400 rpm (70.36°). 
 
 
 
Fig. 6.  The average radius of the stationary spread pattern for urea, nitrochalk and ammonium suflate. 
 
By analyzing data relating to the average radius of the stationary spread pattern, it should be noted that the greatest 
value of this parameter was observed during the nitrochalk tests. The average value of this radius is even 7.59 m for 
the experimental conditions: feed position B, 600 rpm, vanes angle L3. The specified value is almost three times 
greater than the average radius of the stationary spread pattern for ammonium sulfate: feed position A, 400 rpm, vanes 
angle L0. 
Figure 7 shows an example of spatial distributions for urea, which it follows that shifting the vanes from position 
L0 to L3 at the same rotation speed of the disc (600 rpm) and feed position (A) contribute to change of the stationary 
spread pattern parameters. 
 
a 
 
b 
 
 
Fig. 7. The stationary spread pattern for urea: a) L0 ( തܴ= 4.12 m, ߚҧ = 78.88°) ; b) L3 ( തܴ= 5.46 m, ߚҧ = 87.88°). 
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The analysis of variance for the average angle of the stationary spread pattern for fertilizers based on the four-way 
classification (N × O × M × L) with three observations in each subclass showed that the independent variables included 
in 96.86% explain variance of dependent variable. A slight value of coefficient of variation (3.82%) indicates a good 
choice independent variables and properly carried out studies. Table 2 shows that the three effects of two-way 
interaction (fertilizer × rotation speed, feed position × vanes angle) turned out to be significant (at the required level 
of significance α = 0.05) in explaining variability of average angle of the stationary spread pattern. 
 
Tab. 2. Analysis of variance for average angle of the stationary spread pattern model based on the four-way 
classification (N × O × M × L) with three observations in each subclass 
Source of variation Degree of 
freedom 
Sum square Quadratic 
mean 
Value of a 
function F 
Probt.>F 
Model  
Error 
Sum 
14 
57 
71 
27571.96 
886.39 
28458.35 
1969.43 
15.55 
126.64 < 0.0001 
R2= 96.86%; Mean value of average angle of the stationary spread pattern 103.30°; 
Coefficient of variation 3.82% 
Fertilizer (N) 
Rotation speed (O) 
Feed position (M) 
Vanes angle (L) 
N × O 
N × M 
N × L 
O × M 
O × L 
M × L 
2 
1 
1 
1 
2 
2 
2 
1 
1 
1 
5465.86 
266.65 
11421.36 
9617.47 
81.68 
251.11 
351.97 
12.33 
83.18 
20.34 
2732.93 
266.65 
11421.36 
9617.47 
40.84 
125.55 
175.98 
12.33 
83.18 
20.34 
175.74 
17.15 
734.45 
618.45 
2.63 
8.07 
11.32 
0.79 
5.35 
1.31 
< 0.0001 
0.0001 
< 0.0001 
< 0.0001 
0.0811 
0.0008 
< 0.0001 
0.377 
0.0244 
0.2575 
 
The analysis of variance for the average radius of the stationary spread pattern for fertilizers showed that included 
variables independent in 99.48% explain variance of dependent variable. It should be noted, however, that from the 
main effects only the feed position of fertilizer on the disc turned out to be irrelevant for explaining variability of the 
average radius of the stationary spread pattern. Its share in explaining the variance of dependent variable is only 
0.008%. The participation of the others effects (kind of the fertilizer, rotation speed, vanes angle) in explaining the 
variability of the dependent variable is 91.74%. It should be mentioned that only one two-way interaction effect (kind 
of the fertilizer × feed position) turned out to be irrelevant in explaining variability in average radius of the stationary 
spread pattern. 
 
Tab. 3. Analysis of variance for average radius of the stationary spread pattern model based on the four-way 
classification (N × O × M × L) with three observations in each subclass 
Source of variation Degree of 
freedom 
Sum square Quadratic 
mean 
Value of a 
function F 
Probt.>F 
Model  
Error 
Sum 
14 
57 
71 
123.82 
0.64 
124.46 
8.84 
0.01 
783.26 < 0.0001 
R2= 99,48%; Mean value of average angle of the stationary spread pattern 4.28 m;          
Standard error of estimation 0.106; Coefficient of variation 2.48% 
Fertilizer (N) 
Rotation speed (O) 
Feed position (M) 
Vanes angle (L) 
2 
1 
1 
1 
63.44 
34.24 
0.01 
15.92 
31.72 
34.24 
0.01 
15.92 
2809.03 
3032.2 
0.94 
1409.65 
< 0.0001 
<0.0001 
0,337 
< 0.0001 
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N × O 
N × M 
N × L 
O × M 
O × L 
M × L 
2 
2 
2 
1 
1 
1 
6.16 
0.05 
3.02 
0.05 
0.89 
0.050 
3.08 
0.025 
1.51 
0.05 
0.89 
0.05 
272.55 
2.16 
133.76 
4.21 
79.54 
4.12 
<0,0001 
0.1241 
< 0.0001 
0.0448 
<0.0001 
0.0471 
4. Conclusions 
1. Mineral fertilizers used in tests (urea, ammonium sulfate, nitrochalk) differed significantly, bulk density, mass 
density and size grading. The ammonium sulfate contained up to 52.50% of powdery fractions. The specified value is 
more than 1.7 thousand times greater in comparison with the content of nitrochalk powdery fractions. The content of 
powdery fraction in urea was 10.35%. The highest bulk density (1.029 kg·dm-3) and mass density (1.800 kg·dm-3) was 
observed for nitochalk. The smallest density was observed for urea, which represented approximately 74% of 
nitochalk density (comparison within the same category). Bulk density and mass density of ammonium sulfate 
accounted for around 99% of the density of nitrochalk. 
2. The analysis of variance for the average angle of the stationary spread pattern showed that the three independent 
variables (feed positon, vanes angle, kind of fertilizer) explain 93.14% variance of dependent variable. The feed 
position of fertilizer on the disc explains 40.13% of the total variation in average angle of the stationary spread pattern 
of fertilizers. It is worth emphasizing the insignificant share of rotation speed of the disc in explaining variability of 
dependent variable (only 0.94%). 
3. The analysis of variance for average radius of the stationary spread pattern showed that the two independent 
variables (the kind of fertilizer and rotation speed of the disc) explain in 78.48% variance of dependent variable. A 
further effect of an important contribution to explaining variation in the dependent variable is the vanes angle on the 
disc. This share is 12.79 %. The participation of all dual interactive effects in explaining the variance of average radius 
of the stationary spread pattern for fertilizers does not exceed 8.21 %. However, the feed position of fertilizer on the 
disc turned out to be the parameter completely not influencing the average radius of the stationary spread pattern. 
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